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COMMUNICATION METHOD AND 
APPARATUS IN WHICH TRANSMISSION 
CONTROL DATA STORED IN MEMORY IS 
SELECTED BASED ON A DETECTED 
SIGNAL QUALITY FROM A DECODER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a communication method 
and a communication apparatus suitable for application to a 
radio telephone system. for example. 

2. Description of the Related Art 
In a mobile communication system such as a radio 

telephone system or the like. multiple access in which a 
plurality of mobile stations (terminal apparatus or 
subscribers) are permitted to access a single base station is 
employed. In the case of a radio telephone. a number of 
mobile stations commonly utilize a single base station. 
Therefore. various communication systems have been pro 
posed for avoiding interference between respective mobile 
stations. For example. a frequency division multiple access 
system (FDMA: Frequency Division Multiple Access). a 
time division multiple access system (TDMA: Time Divi 
sion Multiple Access). a code division multiple access 
system (CDMA: Code Division Multiple Access) and so on 
are conventionally proposed as this kind of communication 
systems. 
Of these systems. the CDMA system is a multiple access 

system in which a particular code is assigned to each of the 
mobile stations. a modulated wave of an identical carrier 
wave (carrier) is spread in spectrum with the code and then 
transmitted to the identical base station. and a reception side 
takes code synchronism based on each code to identify a 
desired mobile station. 

Speci?cally. the base station occupies the whole fre 
quency band belonging to the spread spectrum. and trans 
mits signals to respective mobile stations using an identical 
frequency band at the same time. Each of the mobile stations 
inversely spreads a signal of a fixed spread band width 
lransmitted from the base station to extract a corresponding 
signal. Fm'ther. the base station discriminates each of the 
mobile stations by the different spread codes assigned to 
them. 

In the CDMA system. communication can be achieved at 
every direct calling so long as a code is shared. Further. the 
system is excellent in keeping secrecy of telephone conver 
sations. Therefore. the system is suitable for a radio trans 
mission utilizing mobile stations such as a portable tele 
phone apparatus and so on. 

In the CDMA system. it is di?icult to establish a precise 
communication relationship between mobile stations. 
Therefore. each communication between respective mobile 
stations cannot be dealt completely separately. and hence 
another mobile station can become a source of interference 
upon communication with a mobile station. Further. data is 
spread within a particular frequency band in this system. 
Therefore. it is necessary to de?ne a band width in advance 
over which the data is spread (Le. a band width for use of 
transmission). Therefore. it is di?icult to change the trans 
mission band width. 
The above matter will be described more concretely. 

FIGS. 1A and 1B shows a model in which a transmission 
signal of a panicular user is extracted by an inverse spread 
from transmission signals of eight mobile stations (users) 
which are spectrum spread with predetermined codes and 
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2 
multiplexed. for example. As shown in FIG. 1A. if a signal 
of a user U0 is to be extracted by the inverse spread from 
signals of eight users U0 to U7 which are multiplexed with 
codes. then as shown in FIG. 1B. the signal of the user U0 
can actually be extracted However. signals of other users 
U1 to U7 which are dealt by the same base station also 
become an interference source. serving as a noise. This fact 
results in deterioration of an S/N characteristic. For this 
reason. in a radio transmission employing the CDMA 
system. electric wave does not reach well due to the dete 
rioration caused by the interference. which fact narrows a 
service area. Further. interference due to other users can be 
suppressed only by an amount of inverse spread gain which 
is obtained in a process of spectrum inverse spread. 
Therefore. a number of users (mobile stations) permitted to 
access is limited and channel capacity becomes small. 

Furthermore. in a communication system in which this 
kind of multiple access is carried out. it is important to 
uniform transmission powers of respective transmission 
signals present at a time so as to be fallen within a certain 
range. in order to suppress interference due to other users. 
However. in the conventional communication system in 
which the multiple access such as the CDMA or the like is 
carried out. a response in control of the transmission power 
is disadvantageously unsatisfactory. Speci?cally. when a 
sending power of a signal from a certain terminal apparatus 
is adjusted to fall within a constant range. the base station 
side receives the signal transmitted from the terminal appa 
ratus and detects its transmission state. Then. control data of 
the transmission output based on the result of the detection 
is transmitted to the terminal apparatus. Then. the terminal 
apparatus side determines the transmission state based on 
the transmitted control data and carries out processing for 
adjusting the transmission output to a corresponding state. 
Thus. the control processing is carried out by carrying out 
two-way data communication between the terminal appara 
tus and the base station. If the time required for the base 
station to modulate the control data is taken into account. 
then it takes a very long time to adjust the transmission 
output. which is a bar to adjust the transmission power with 
a satisfactory response. 

SUMMARY OF THE INVENTION 

In view of such aspects. it is an object of the present 
invention that signal interference among users be effectively 
prevented. 

According to an aspect of the present invention. a com 
munication apparatus includes an RF signal processing 
means for processing a received RF signal. an RF demodu 
lating means for demodulating an output signal of the RF 
signal processing means. a decoding means for decoding an 
output signal from the RF demodulating means. an encoding 
means for encoding a predetermined information signal. an 
RF modulating means for modulating an output signal from 
the encoding means. and a transmission signal processing 
means for processing an output signal from the RF modu 
lating means. The encoding means includes a memory 
means for storing a predetermined control data. a selecting 
means for selecting the predetermined control data in accor 
dance with an information of circuit quality obtained from 
the decoding means. and an adding means for adding the 
transmission data with an output of the selecting means. An 
output power of the transmission signal processing means is 
controlled by the information of the circuit quality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B are diagrams each used to explain an 
interference state in a CDMA system; 
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FIG. 2 is a diagram used to explain a slot arrangement of 
a transmission signal used in a communication apparatus 
according to an embodiment of the present invention; 

FIGS. 3A to 3G are diagrams each used to explain a 
transmission state in a frame according to the embodiment; 

FIG. 4 is a diagram used to explain an example of a cell 
arrangement according to the embodiment; 

FIGS. SA to 5C are diagrams each used to explain an 
example of a band slot arrangement according to the 
embodiment; 

FIG. 6 is a block diagram showing an arrangement of a 
terminal apparatus according to an embodiment of the 
present invention; 

FIG. 7 is a block diagram showing an arrangement of an 
encoder of the terminal apparatus according to the embodi 
ment; 

FIG. 8 is a block diagram showing an arrangement of a 
convolutional encoder of the terminal apparatus according to 
the embodiment; 

FIGS. 9A and 9B are diagrams showing examples of 
waveforms of a windowing data according to the embodi 
ment; 

FIG. 10 is a phase characteristic graph showing an 
example of a transmission data according to the embodi 
ment; 

FIG. 11 is a block diagram showing an arrangement of a 
decoder of the terminal apparatus according to the embodi 
ment; 

FIG. 12 is a timing chart showing a processing timing 
according to the embodiment; 

FIG. 13 is a block diagram showing a processing for 
adding a control data according to another embodiment of 
the present invention; 

FIG. 14 is a block diagram showing an arrangement of a 
base station according to the embodiment; 

FIG. 15 is a block diagram showing a modulation pro 
cessing of the base station according to the embodiment; and 

FIG. 16 is a block diagram showing a demodulation 
processing of the base station according to the embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODHVIENTS 

A communication method and a communication appara 
tus according to an embodiment of the present invention will 
hereinafter be described with reference to FIG. 2 to FIG. 16. 

Initially. an arrangement of a communication system to 
which the present embodiment is applied will be described. 
The communication system of the present embodiment is 
arranged as a so-called multicarricr system in which a 
plurality of subcarriers are continuously disposed within a 
band (Band) allocated in advance. and the plurality of 
subcarriers within the single band are utilized on a single 
transmission path (path) at the same time. Further. the 
plurality of subcarriers within the single band are collec 
tively divided (Division) in the band to be modulated. Here. 
this system is called a band division multiple access 
(BDMA: Band Division Multiple Access). 
The arrangement thereof will be described below. FIG. 2 

is a diagram showing a slot arrangement of transmission 
signals of the present embodiment in which a frequency is 
set in the ordinate thereof and a time is expressed on the 
abscissa thereof. In the present example. the frequency-axis 
and the time-axis are divided in a lattice fashion to provide 
an orthogonal base system. Speci?cally. the transmission 
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4 
band width of one transmission band (one band slot) is set 
to 150 KHz and the one transmission band of the 150 KHZ 
includes therein 24 subcarriers. The 24 subcarriers are 
disposed continuously with an equal interval of 6.25 KHz. 
and every carrier is assigned with a subcarrier number from 
0 to 23. However. practically existing subcarriers are allo 
cated to bands of subcarrier numbers of 1 to 22. Bands of 
both end portions of the one band slot. i.e.. bands of 
subcarrier numbers of 0 and 23 are assigned with no 
subcarrier. i.e.. they are made to serve as a guard band and 
their electric power is set to zero. 
One time slot is regulated at an interval of 200 psec. in 

terms of the time-axis. A burst signal is modulated and 
transmitted together with 22 subcarriers at every time slot. 
One frame is de?ned as an array of 25 time slots (i.e.. 5 
msec.). Each of the time slots within one frame is assigned 
with a time slot number from 0 to 24. A hatched area in FIG. 
2 represents a section of one time slot in one band slot. In 
this case. a time slot assigned with a slot number of 24 is a 
period in which no data is transmitted. 

Multiple access in which a plurality of mobile stations 
(terminal apparatus) carry out communication with a base 
station at the same period. is carried out by using the 
orthogonal base system which derives from dividing the 
frequency-axis and time-axis in a lattice fashion. Connection 
condition with respective mobile stations is arranged as 
shown in FIGS. 3A to 3G. FIGS. 3A to 3G are diagrams each 
showing an operation condition indicating that how six 
mobile stations are connected to the base station by using 
time slots U0. U1. U2. . . . . US with one band slot (actually 

utilized band slot is changed owing to a frequency hopping 
which will be described later). A time slot represented by R 
is a reception slot while a time slot represented by T is a 
transmission slot. As shown in FIG. 3A. a frame timing 
regulated in the base station is set to a period including 24 
time slots (of the 25 time slots. the last slot. Le. a slot of 
number 24 is not utilized). In this case. the transmission slot 
is transmitted using a band different from one of the recep 
tion slot. 
The mobile station U0 shown in FIG. 3B uses time slots 

of time slot numbers. 0. 6. l2. 18 within one frame as 
reception slots. while using time slots of time slot numbers. 
3. 9. 15. 21 as transmission slots. A burst signal is received 
or transmitted in each time slot. The mobile station U1 
shown in FIG. 3C uses time slots of time slot numbers. 1. 7. 
13. 19 within one frame as reception slots. while using time 
slots of time slot numbers. 4. l0. 16. 22 as transmission slots. 
The mobile station U2 shown in FIG. 3D uses time slots of 
time slots numbers. 2. 8. 14. 20 within one frame as 
reception slots. while using time slots of time slot numbers. 
5. 11. 17. 23 as transmission slots. The mobile station U3 
shown in FIG. 3E uses time slots of time slot numbers. 3. 9. 
15. 21 within one frame as reception slots. while using time 
slots of time slot numbers. 0. 6. 12. 28 as transmission slots. 
The mobile station U4 shown in FIG. 3F uses time slots of 
time slot numbers. 4. 10. 16. 22 within one frame as 
reception slots. while using time slots of time slot numbers. 
1. 7. 13. 22 as transmission slots. Further. the mobile station 
U5 shown in FIG. 3G uses time slots of time slot numbers. 
5. ll. 16. 22 within one frame as reception slots. while using 
time slots of time slot numbers. 2. 8. 14. 20 as transmission 
slots. 

In this way. 6-TDMA (time division multiple access) in 
which six mobile stations are connected within one band slot 
is carried out. Each mobile station has an allowance of two 
time slot period (i.e.. 400 usec.) from completion of recep 
tion and transmission of one time slot period to the next 
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execution of transmission and reception. Each mobile sta 
tion carries out a timing processing and processing called a 
frequency hopping by using the allowance. That is. during 
about 200 usec. before each transmission slot T. the mobile 
station carries out a timing processing TA in which a 
transmission timing is synchronized with a timing of a signal 
transmitted from the base station side. After about 200 usec. 
when each transmission slot T terminates. a frequency 
hopping in which a band slot for carrying out signal trans 
mission and reception is changed to another band slot. is 
carried out. Owing to the frequency hopping. a plurality of 
band slots prepared in one base station are utilized uniformly 
by respective mobile stations. for example. 

Speci?cally. a plurality of band slots are allocated to a 
single base station. In a case of a cellular system in which 
one base station forms one cell. if a band of 1.2 MHz is 
allocated to one cell. eight band slots can be allocated to one 
cell. Similarly. if a band of 2.4 MHz is allocated to one cell. 
16 hand slots can be allocated to one cell; if a band of 4.8 
MHz is allocated to one cell. 32 band slots can be allocated 
to one cell; and if a band of 9.6 MHZ is allocated to one cell. 
64 band slots can be allocated to one cell. Then. a frequency 
switching processing called frequency hopping is carried out 
so that a plurality of band slots allocated to one cell are 
utilized uniformly. In the present example. a plurality of 
band slots of which frequencies are continuous are allocated 
to one cell. 

FIG. 4 shows an ideal layout of cells. If cells are arrayed 
in this manner. three kinds of frequencies are su?icient to 
allocate to all cells. Le. a frequency is allocated to cells of 
a group Ga using a ?rst band. another frequency is allocated 
to cells of a group Gb using a second band. still another 
frequency is allocated to cells of a group Gc using a third 
band. That is. if one cell uses eight band slots. as shown in 
FIGS. 5A and 5B. continuous eight band slots are prepared 
for the group Ga. the next continuous eight band slots are 
prepared for the group Gb and the next continuous eight 
band slots are prepared for the group Gc. In this case. as 
shown in FIG. 5C. each band slot includes 22 subcarriers. 
and a multican'ier transmission is carried out using the 
plurality of subcarriers at a time. As shown in FIGS. 3A to 
36. communication with a mobile station within the cell is 
carried out while carrying out the frequency hopping that 
band slots for multicarrier transmission are changed. 

The communication condition is settled as above so that 
a signal transmitted between each mobile station and the 
base station is maintained to have orthogonal property with 
respect to other signals. Therefore. the signal will not suffer 
from interference from other signals and only a correspond 
ing signal can be extracted satisfactorily. Since a band slot 
utilized for transmission is changed at any time by the 
frequency hopping. the transmission bands prepared for 
each base station are effectively utilized. which leads to 
effective transmission. In this case. as described above. a 
frequency band to be allocated to one base station (cell) can 
be freely settled. Therefore. a system can be freely settled 
depending on a used situation. 

Next. an arrangement of a terminal apparatus (mobile 
station) which carries out communication with the base 
station in the above-described system will be described. In 
this case. a band of 2.0 GHz is utilized as a down-link from 
the base station to the terminal apparatus while a band of 2.2 
GHz is utilized as an up-link from the terminal apparatus to 
the base station. 

FIG. 6 is a diagram showing an arrangement of the 
terminal apparatus. A reception system thereof will be 
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6 
described ?rst. An antenna 11 serving for transmitting and 
receiving a signal is connected to an antenna sharing device. 
The antenna sharing device 12 is connected at its received 
signal output side with a band-pass ?lter 13. a reception 
ampli?er 14 and a mixer 15 in series. The band-pass ?lter 13 
extracts a signal of the 2.0 GHz band. The mixer 15 mixes 
the output from the band-pass ?lter with a frequency signal 
of 1.9 GHz output from a frequency synthesizer 31 so that 
the received signal is converted into an intermediate fre 
quency signal of 100 MHz. The frequency synthesizer 31 is 
formed of a PLL (phase-locked-loop circuit). and it is a 
synthesizer for generating signals in a band of 1.9 GHz with 
an interval of 150 kHz (i.e.. one band slot interval) based on 
a signal of 150 kHz which is generated by frequency 
dividing a signal of 19.2 MHz output from a temperature 
compensation type crystal oscillator (TCXO) 32 by a 1/l28 
frequency divider 33. Other frequency synthesizers. which 
will be described later on. utilized in the terminal apparatus 
are also formed of a PLL circuit. 

The intermediate frequency signal output from the mixer 
15 is supplied through a band-pass ?lter l6 and a variable 
gain ampli?er 17 to two mixers 18L 18Q useful for demodu 
lation. A frequency signal of 100 MHz output from a 
frequency synthesizer 34 is supplied to a phase shifter 35 in 
which the signal is made into two system signals of which 
phases are shifted from each other by 90 degrees. One of the 
two-system frequency signals is supplied to the mixer 181 
while the other of the same is supplied to the mixer 18Q so 
that they are mixed with the intermediate frequency signal 
respectively. whereby an I component and a Q component 
contained in the received data are extracted. The frequency 
synthesizer 34 is a synthesizer for generating a signal of 100 
MHz band based on the signal of 150 kHz generated by 
frequency-dividing in the V128 frequency-divider 33. 

Then. the extracted I-component is supplied through a 
low-pass ?lter 191 to an analog-to-digital converter 201 in 
which the component is converted into digital I data. The 
extracted Q-component is supplied through a low-pass ?lter 
19Q to an analog-to-digital converter 20Q in which the 
component is converted into digital Q data. In this case. the 
respective analog-to-digital converters 20L 20Q use a clock 
of 200 kHz as a clock for conversion which is generated by 
dividing a clock of 19.2 MHz output from the TCXO 32 by 
a 1/96 frequency divider 36. 
Then. the digital I data and digital Q data output from the 

analog-to-digital converters 201. 20Q are supplied to a 
demodulating decoder 21 in which demodulated reception 
data is obtained at a terminal 22. The demodulating decoder 
21 is supplied with the clock of 19.2 MHz output from the 
TCXO 32 as a clock. and also supplied with a clock of 5 kHz 
generated by frequency-dividing the clock of 200 kHz 
output from the V96 frequency divider 36 by a V10 frequency 
divider 37. The clock of 5 kHz is utilized for generating slot 
timing data. Speci?cally. in the present example. one time 
slot is set to 200 usec. as described above. However. a signal 
of which frequency is 5 kHz has one period of 200 psec. 
Thus. slot timing data is generated in synchronism with the 
signal of 5 kHz. 

Next. the transmission system of the terminal apparatus 
will be described. Transmission data obtained at a terminal 
41 is supplied to a modulating encoder 42 in which pro 
cessing for encoding and modulation is carried out for 
transmission so as to generate digital I data and digital Q 
data for transmission. In this case. the modulating encoder 
42 is supplied with the clock of 19.2 MHz as a clock which 
is output from the TCXO 32 as it is. and also supplied with 
the signal of 5 kHz generated by division with the V40 
















